Abstract: -This paper represents a signal adaptive two-dimensional (2-D) method for space/spatial-frequency (S/SF) signal analysis. The method is capable of taking a variable number of execution steps (the only necessary ones regarding desirable-2-D Wigner distribution-presentation of auto-terms) in different frequency-frequency points during the execution. This ability represents a major advantage of the proposed method which helps optimize the time required for execution and produce an improved, cross-terms-free S/SF signal representation. Additionally, the proposed method improves noisy signal representation. 
Theoretical background
The 2-D STFT, its energetic version (2-D SPEC) and the 2-D WD are conventional mathematical methods, used in S/SF signal analysis. They are defined, in vector notation, as [1] - [3] : 
where 1 2 ( ) ( , ) w m w m m = r denotes a 2-D, usually even and real-valued lag-window of N×N duration, centered at the point 1 2 ( , ) n n n = r and used to truncate the analyzed signal ( ) f n r . However, these S/SFDs exhibit drawbacks that seriously limit their applicability. The 2-D STFT and 2-D SPEC have a low concentration around signal's local frequency [1] - [3] , [4] . On the other hand, based on direct 2-D STFT-to-2-D WD relationship, [4] , readily following from (1)-(2), , reaching the maximum concentration of each signal component separately and resulting in an optimal auto-terms' presentation [3] , [4] . However, based on the full frequency-frequency domain 2-D convolution (3) of 2-D STFT elements, the 2-D WD simultaneously generates emphatic cross-terms in the case of multicomponent signals. Reduced interference S/SFDs that preserve marginal properties suppress this problem. However, they are defined in the computationally very intensive ways, even in the 1-D case, that seriously limit their applicability. The 2-D SM, reduces cross-terms with preservation of the 2-D WD auto-terms. However, in order to preserve each auto-term separately, it should correspond to the widest signal component. This can be inappropriate for most S/SF points and can negatively influence the cross-terms reduction and calculation complexity, [4] , as well as the noise influence suppression.
New 2-D method for S/SF analysis
To reduce 2-D WD cross-terms (or, to completely eliminate them in the case of non-overlapping signal's components), the 2-D convolution in (3) must be terminated outside the 2-D STFT auto-terms' domains, corresponding to regions of support ( , ) Fig.1 . However, in order to preserve 2-D WD auto-terms presentation, the 2-D convolution should be performed inside these regions, including only non-zero summation terms from (3). For these purposes, (3) must be reordered and limited as: ( , ) 
r r r r r r r is the signal adaptive width of the rectangular convolution 2-D window, centered at (k 1 ,k 2 ), k 1 ,k 2 =0,…,N-1 and introduced to limit (3). It takes 
, is detected, resuming the summation for the next i 1 ; (iii) The summation in i 1 is performed until
is detected, corresponding to the detection of the first zero summation term not multiplied by 2 and resulting in completion of the calculation in the observed point (k 1 ,k 2 ). Note that (4) includes variable number of summation terms-the only necessary ones regarding the total energy of each auto-term separately-in different points (k 1 ,k 2 ), k 1 
Reference level R 2 determination
Here, a reference level R 2 will be determined based on a priori knowledge about the signal's range. It is especially applicable in the cases when the signal is obtained as output of an A/D converter and used in the hardware 1 Reference level R 2 determines the support regions D i , i=1,…,q, in the manner that 2-D STFTs whose absolute values are below R will be neglected in calculation (4) . implementations of S/SF algorithms, considered in the sequel. In this case the signal must be within the a priori prescribed range, in order to optimally use the available converter and hardware registers. Then, the R 2 determination is possible on the a priori basis as a few percent of the maximum expected 2-D SPEC's value.
Note that if the a priori knowledge about the signal's range is not reliable, then the reference level can be defined as a few percent of the 2-D SPEC's maximum value at the considered time instant n r , [5] , [6] , [8] . The reference level can also be calculated based on methods used in digital image processing for similar reasons, [7] . Based on the extensive experimental works, it has been shown that the method is quite insensitive with respect to the reference level R 
Noisy signal analysis
In practice, signals are always exposed to the additive noise influence. To evaluate noise influence to the proposed method, let us consider the noisy signal 
( , , ) ( , , ) 
